Introduction
Switched control has been applied widely in the intelligent robots, aerospace and aeronautics engineering and wireless communications. In this chapter, the robust H control for linear uncertain switched systems with time delay is studied. Switched systems with time delay include the system with single time delay and the system with multiple time delays. Linear switched systems with time delay can be described as follows:  represents the initial condition of the system, j  represents the time delay. For the system (1), if N=1 it is a switched system with single time delay, otherwise it is a switched system with multiple time delays. The state feedback control for switched systems can be designed with memory or without memory.
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For the switched system (1), the state feedback control can be designed as follows:
is the state feedback control without memory;
Zhang and Liu (Zhang & Liu 2008 ) studied the problem of delay-dependent robust H control for switched systems with disturbance and time-varying structured uncertainties. A sufficient condition ensuring the robust stabilization and H performance under arbitrary switching laws was obtained based on the Lyapunov function and Finslerpsilas lemma. Xie et al. (Xie et al., 2004) proposed conditions for uniformly quadratic stability for uncertain switched systems based on common Lyapunov method and LMI formulation. Fu et al. (Fu et al., 2007) proposed a the sufficient condition for the design of dynamic output feedback control of switched systems based on the common Lyapunov function approach and convex combination technique. Song et al. (Song et al., 2007) present the switching law and robust H control design for a class of discrete switched systems with time-varying delay. Song (Song et al., 2006 ) also studied a class of uncertain discrete switched systems with time delay. The switching law and the H controller are given based on the Multi-Lyapunov Function method. Ma et al. (Ma et al., 2006) proposed an H controller with memory for discrete switched systems with time delay. In this chapter, the robust H control based on multi-Lyapunov-Function approach and LMI formulation for general linear switched systems with time delay is first introduced. The results are then extended to robust H control without and with memory for uncertain linear switched systems with time-varying delay. Suppose all sub-systems are not robust stable, a sufficient condition for system stabilization with H bound is given, as well as the design algorithm for the robust H switched control and the switching law. The simulation results show the effectiveness of the methods.
Robust H ∞ stability and stabilization for linear switched systems
Consider the following linear switched system:
Robust H ∞ stabilization for linear switched systems with time delay
Consider the following Linear switched systems with time delay
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 is a smooth function on n R presenting the initial condition of the system. Theorem 1. For system (7), and given scalar 0 
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When ( ) 0 w t  , if (10) holds the closed-loop system of system (7) is asymptotically stable.
Rewrite the inequality (10) as
By Lemma 2 and inequality (8), we have
For any ( ), ( ), ( ) x t x t w t   the following inequality holds.
and under zero initial condition, we have www.intechopen.com 
Switched Systems 70
1 2 0 2 0 2 1 [ ( ) ( ) ( ) ( )] [ ( ( ), ( ), ) ( ) ( ) ( ) ( )] ( ( ), ( ), ) [ ( ( ), ( ), ) ( ) ( ) ( ) ( )] ( ( ), ( ), ) 0 i i T T T T i M t T T i t i z
t z t w t w t dt V x t w t t z t z t w t w t dt V x w V x t w t t z t z t w t w t dt V x w
where 
By solving the linear matrix inequality (14), we have:
0 .1 9 6 7 1 .2 1 1 5 , 1 .1 1 4 0 6 .8 5 9 9 1 .2 1 1 5 7 .4 6 0 6
0.0281 0.1732 , 0.7320 4.5086 0.1732 1.0670 By Theorem 1, the switching law is designed as:
The state response of the closed-loop system is shown in Figure 1 . x1 and x2 are system states, the initial condition is [x1,x2]=[10,-10]. The result shows the system is stable under the switching law when it is switched among the closed-loop subsystems.
Robust H ∞ stabilization for uncertain linear switched systems with timevarying delay
Consider the following linear uncertain switched system with time-varying delay
t d t t t h t h t w t w t t t d t d t t t h t h x t
where
are bounded real functional matrices with proper dimensions, representing the uncertainties, ( ) t  is the initial condition. d(t) and h(t) are the state delay and the control delay respectively. There are positive scalers , , , 
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When ( ) 0 w t  , considering condition (17), if inequality (23) holds, the closed-loop system is robust asymptotically stable www.intechopen.com 
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Rewrite inequality (23) as (21) and Lemma 2, the following inequality follows
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holds the system is robust stabilizable with H performance  max( )
H switched controller is given by: 
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By Lemma 1 and inequality (20) 
where 0
the inequality (21) follows By Lemma 2 inequality (36) is equivalent to:
Y is an arbitrary matrix with proper dimension. 4 .0 6 9 7 0 8 .6 0 8 6 0 .7 7 8 0 , 0 4 .0 6 9 7 2 .3 5 4 0 6 .1 6 5 8
1.9297 3.1929 0.6417 1. 0618 , 3.1929 5.2830 3.6147 5.9809
   and the switching law is designed as 
State feedback robust H ∞ stabilization for linear uncertain switched systems with multiple time delays
Consider the following linear switched system with multiple time delays 
where ( ) n x t R  is the system state vector,
are bounded timevarying real functional matrices with proper dimensions, denoting the uncertainties of the switched systems. ( ) t  is the initial condition of the system. j  is the delay of the system state.
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and suppose 
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When ( ) 0 w t  , if the following inequality holds, the closed-loop is asymptotically stable 
Rewrite the above inequality as 
